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(57)Abstract: 

PROBLEM TO BE SOLVED: To shorten the life of carriers 
generated by light absorption within a saturable absorption layer. 
SOLUTION: A saturable absorption layer 19 made of InGaN and 



having a characteristic indicative of saturation of light 
absorption amount is provided on an n-type GaN substrate 11, 
and (carbon) C is doped into a saturable absorption layer 19 
made of InGaN. 
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[*mi**©«&H] 

[IS** i ] SC±££EE k 3tro»teft*sttft+o 
#&HI;iTV^^&ftKWIkri 5 Rtte>*i. K'sje&ft 

ot, 

[HI** 2] ttE^ttfn»Elfcpfi*E*5E** s * 
JO (K-tV^) £HT^Sif**lKE«©¥$ttlS 

[It**3] IttlE^lfifftRiRl**^*^!**"*"* 
»** 1 KEtt©¥»*«ftEE. 

111*14] wEEEfcEEiitfEE**©***/" 

•51S** 1 (wKE©¥»*«*EE. 

[11**5] »io*«ao*<bft*«*«RJ:»-. 
ft i ej&ft-EEC j: o m ©*«ii©Ett4&**#s * 
j&jstsxsk, 

gift l ©*«S»«fc**NWWi-tfc. B£ft l ©/&£*& 
g£gfr5ft2©j&£?&£l-<fc9fti©*ES!©E<!;^ 20 
^^yy^RitS, Sfcfc, Efti©J*fifi£t«fc 
9 ft 1 ©EES^Eft;***** 5 y Kg, ft 1 ©£® 

$ft 1 ©WESwEfc*****^ K1±H, i£ft2© 

*ft«**#JSttl £ »E1* 5 XS k , 

Kft i o»«a©aft»***fSHtJi it. Kft i ©$ 
«a*K*0E2©»*ffl©E<:fc*¥»{t:'<y7Ji, ft 

k, 

J&gfig k lift 5 ft 4 ©fifcft&SK J: 0 EfcE^Efc © 
"TISftKiRlSr^^SXSt, 
REfc*¥»fc©»rtMnKE*-fcl-« $ftl©fi££&£ 
J: U ft 2 ©W«ffl©«fc4fcJN*** 5 y Kl, ft 2 © 
$E3!©Efl:«J i MMfc= 1 >'*y' hE£KiiM&*1"*Xg 

k, - 

K9-f3i-yf-V>*»aiwJ:9 "J y S?EE*:JI2fifc1-5XS 
k, 

Z&$-fbZk*mk1r2>*m#xmS.<»&%iZ « 

ft. 

[11**6 1 WE»4<D**««^7 0 0t;»T-e*> 
5 IS** 5 irBttro^WfrEJtKllwtta**. 

[0 0 0 1 ] 

[*W©*1-5tt«»IH *EW»i. jtf'-f^yrowa 
EE. SEEfcEfflS*t*EE<k«>fc»!>«>6EE«Ett 
^ ^^jt^fifc 4 U 5 ^ ©Eit^ffi IwBBi - 6„ 

[0 0 0 2] 

[&*©ftffi] JtT^^yli*J^2)EtgSik©ti*DI-i: 
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4 0 0 nmffl»«»ftW#«*SifcBfc3iX"CV*5. S 
fc, ftr-f AT'I4, => * h&Ji*©fcfclC. U 

>X, r-f *?^ii*fLTs £ffi&7*7*^y ?£©# 

:77*f-yy"5R0*W*tt. 3t«»HJl*i* 5 **T? 3 9 0 n 

I4, H46««*<l:*ff5fc*!>lwl4, »»©*W*5^» 
9 . fiSftli»f&-t-5- ka s ££T'l4<£V\ ~©4 

HTJot), 4 0 0 nmHU^WiSft^^l"^^^^-** 

[0 0 0 3] EfcEWfrV"- ftr-f****? 1 
AEKEESiiaEEfc. 3W4*y-E©EltE*»fcro 
g!ljattt:KySt5fcft. eBEEEtetrExfc* 
5i*sfflv^fuTV^5. eaESfrttSEfcE^Ettf- 
iF£X3t,-ffcKI4, Jfe©KiR*A 5 ^-t" 5^«S»!RiR1* 
ttfcttSl (»T, WfSfPKflXlkl-5) PS* 
7 7 KlEfcKttfeixTV^. 

[0 0 0 4] 117(4, #$¥9-1 9 1 1 6 0*&Efc 

ttft««*r*-rtPrBBB-C*>5. r©^«lci4, Efc*¥ 
iffffcSInN (*ft-f^*A) fcGaN 
y?A) t©»fi-C*>5 I nGaNSroMafPKltSlHwffl 

V^S r k li ioTEE* IftEEtffrfesfcSfi**** 
fru-if^Bfl^^HTV>5„ E7li*i-J:5»-. ~©¥ 
gftu— ?I4, nSSiClS7 0il:, nIAlNl 
7 1, nSAlGaN?7yK|72, n^GaNfttf 
-YK173, InGaNt^Ffttti^, pSJGa 
NJt^K175, plA 1 GaN*5y K17 6a*S 
I#i:aiJiX"CV^. plAlGaN^7yKI76 
a±(C(4, InGaN?I«rtP»EE7 8*SRttfe*fCi3 
I nGaNlTf6fn3MXS7 8±fcpi!Al 
GaN^7y KS7 6 b^tt^ixTV>5„ plAlG 
a 7 y KS 7 6 b ±ICI4, piGaNa^^H 
7 7*S»l^lb^^TV^2). ^UT, piGaNa^?^ 
S7 7±ICI4, P SEffi7 9E»tfc*tT*J"3, *fc, n 
i 'US 1 CS«7 0©TH5l-»4, nam<16 9 *S8ft(t 

[0 0 0 5] 

IEW*»»ELJ:5 ki-SEEl -©±5*. «fBB¥9 
- l 9 l l 6 o*fc«fcE*SiifcEfc* i M*#i'-- ^ 
14. eB««TE<e*ia*<'>«H*«E<. *r-<7-y-> 

7,f ix«?lc*5V^Tf?4ffl*fcl4®HS4ffl k LTffiil- 

BIftftERljJSRi* ?>nfcE{k«J*W# u—f r-14. I 
nGa N^±(«^t-r2> B IiafU p i!: 1 K)l© :) t-+ 
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iitt. pS©I nGaNTOKDfHXlE.-tt. ^FMtiTC^ 
4LTMg£8sflD (K-t*V^) -foliliioT, jt 
KttliJ:9£i«$;h.fc*+y7roff££&ffii§$tf. * 

+ y rco#^^s< o: t^^itg-eiifcs*''. nest- 

11, I n G a N^tafQlRltZSd^O ( K-f>^) L/_ 

m g ©«tf£T tr*Kttfcftttfl;3*5 - 4 tm&vtt 

*K £fc, InGaNIl * + y 7 $ 

*ifc*+!>7#te»u::< <, £*>it±o^f-r yr©fS 
ife$rjl<1-5r 4 tS*t?tt*v\ io 
[0 0 0 6] *«?Uli. r©J:5 4IMI*#*-*-5t© 

[0 0 0 7] 

tt. S«±lw*3t*43tO®iR4*Sfi!fPi-5#ttS:fl|t 

g&ft&UXJf ICC (ft*) asgsJO (K-f>^) SJith 
[00 08] SGE^IfSftKiRl II p m*mVS7c9Wfflm 
[00 0 9] 1ltlETTfift«^JiiO***#FJ|4:^r-J-a 0 

[0010] iftm^&fnwi&mmm®®;<o&*#-Fm 

[0011] *«9!<0^fMe%igne9ffi#fett. $ 

± 9 « 1 <Dm%.m<nmt®*m #m 5 is 4 , 

R9i«>«ra«»<M¥«fMI±tc. ttKioAM 
a 4 A« 5 ft 2 a«fc i 9 * 1 ©fcSHofc 

^^^ssjti, sat, ftftiei&jMueKJ: 
0 * 1 ©»«§!©sfc*¥i*#* 7?ki, mi ©asm 

as t Sfcssr 3 ©figssati i*m ©»®s©g€ 
5 s& 4 <t mm*m&<D ^i&ftssnxji & 

?£3S 1 roritgiag(w «t 9 SB 2 ©^mswg^^tt:^ 
7?Ki, S2©&SS©g{fcft¥i$#=»v** hJI£ 
K?-< x y<?^ tfVmA-l 9 D v 

SO 
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[0 0 12] mjlE^4 0/Sft?ag^7 0 CC^TTfo 
[0 0 13] 

®«xJI 4 Kfctf 5 * -r y 7*3 J: ifjt^- ©fezflsffl Cio 

tyrtnc*', *>5VM±, bTA>(c«^r4-Cfc9 > 
*3V>T, -0. 15eV~+0. 02eVT'fc5, £ 
©^©OHIi, 0. 0 2/im~l. 5 n mSg-fibS 

(D*M y 7©5S^^ettl0^r-V y 7©^it)gl>: 

[0014] ifrofiBfctttttt. T?te 

T*©*-Y y 7©#^#ttT-fc5o 

DTOJWli. **-Cftn s 4fiV^ 4**Pb*iTi3 

9, SttS4^fflft»iR«tro*iry7©5Wiitj:Mai 

JSIt5*»lR««*»e>*»ft««^©*+ y 7©t£«E 
*{EitLT&*«fc*+!J7fc?f*££-S*T» SXtJb 

©** y rm^m.< -rsr 4^*^^6*15. 
[0015] tt*©aft*^w*u— y-ett. ftui£©j: 

nTfifbifiltKl^ I nGaNl:J:9»)JSJlT« 
9. »#. pS'FMfeTC^ (K-/<yh) 4LTMg^ 

?c# ftl«k4IW«r«i-ft^lMiKftJI<>tt«Hftt^K 

f&i*^ I n G a N^lli 9 fl^fiSc^Jl/fcnftSftlKlClS 

Til. -ittc J£»^»*s,js $ v fell <>ItefnffiiR! 

4fi)t$nfc=Sr+ y 7£+#Kffi»£-fr5r 4HJ:oT=3r 
t!)7^B^Jf, *-ry7©JM»Srfi<i"5»*!»s 

[0 0 16] #J&K!T?li, rrojfejwovxr, ^W^rfiia 

^AD (K-f>^) 1-5r4(CJ:oT, iStb^^bffitU 

I4l±. BlffifoBHRS^wc (iK*) ogjJD (K-fv 
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Co InGaN(D^WlRii:C (SiK) Sr^P (K 

-t'y^) i-at, c (MS) tt, «v^*/w*-fliffi 

ftS 0 C tt, K*¥«**'h*<T, InGaN 

49, IOC (M*) fciOErtStifc&fcO**'*'* 
-«i-<Dg?D:fc £ t;«IB»Rfe^ S fc ft fc. 

[0017| Jfc, I n GaN<DpT&ftPjilfcStf)^t B ^ 

IrtOC (MX) <&»*#*ttlOU tJii:fP5*»«S 
OittttllC ± 6 * -V 9 T OS^^^ffiit * * * V 7 <D 

(ftX) o»SS:*|S0$*5r tlwiot, BIMSfi* 5 
[00 18] Zbt, »b****U-1f 

ic^^ra^Fi^ct^y 7mt>*t>i&z&&tt# * 

(K-try^) LT, /<J7lttt, C (MX) 
(K-fy^) Lftv\ ^5 7ii:C (J8X) SrSaiP 

[0019] w % ^«*5c*fcLxc (&x> tmn 

[0 0 2 0] Jilt ^JSW^JBl^HltJeiBt?*)** 
ft***#W--f©W(rM^**. n!GaNS«l 
l±fctt:> niGaNil2, niInGaN^7^ 
B6±113, nSA 1 GaN^77 KS 1 4, ngGa 
N^K115, nSlnGaNffittfiie, plAl 
GaN/<yT®17, P aGaN^K)|18*IB#l: 
8NS£ilTl*5. piGa N#*< KJH 8±HH, In 
Ga NO^JffifP®lR® 1 9i>mM£ft> InGaNOpJ 
tefDRJRJB 1 9±H, P SAlGaN^7^K®2 0^ 
*B®£*xT^5 0 pSA 1 G a 7 V KJB 2 0(1, * 

h7j7%fatm#tz^%fa<n*&w&%&^v y 

h!2 l^aiSttrv^S. pSAIGaN^y 
K®20^«t(/pSGaN3y^^ f>®21ii:il P 
iGaN^V^ hH2 10±S£I&^T, 2 
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Mftttfeih/C*9, «g«22*5J:tfpSGaN3^ 
tz, nlGaNifil lflfctt, nKil0«J 

[0021] r<7) J: 5 ic, Eli l <n% 

Si 9ttJH-*^#PlK4oTV^5. 

[0022] @i usi-fB i omtfoi&t&X'hZ&ikto* 

£2f£T'fc9, VPE («B^tr**->^r^) CV 
D Mfc^ftTTKv^ay) ffi, MOVPE (*T$&JI 

tr**^* AO ft, mocvd 

ft-T^S^a^) ft.Halid e-VPE {*u#> 
ik^&^t'flci/V^) ft, MB E (SH^^f** 
i^/U) ft, MOMBE {^m&Wkftl-fa^t*^^ 
;U) ft, G S MB E (jtf^Wtt^*^ tT* 
m. CBE (fl^^-J^t'^i/^/lO ft»££A/T- 

[0 0 2 3] £T> nMGaNg&l 1*^+5. n 
iG a NIK 1 l'tt, 5 0 0 /i mmScO^lf OG a Nf 
gARCftM mlWPH-e 1 0 - 5 0 n mSftoaSSrKlt 

Nlffil lSffi^^"T^Kiite^^i:^aS^S , 9^< 
fcfcT'fcSo #bJxfcnS!GaNS«l ltt, fcPMME 

[00 24] UclC, nSGaNSU^ nSGaNS 

**f> MOCVD (#«4IWt*ft*^#^^9 
» ig|UCnfiGaN«Sl l«r*y hU V«UM*© 
NHstlllKlS^TMGa V * V ^J*) t 

SrfflV^T, 5 5 Ot^glg-eftlG a N^5/ 7 ri 
****** nSGaNSKl lJsfc«*2 5nm<Dffi; 
lGaN/<^7r««r#*t5. S feK, rofiiEGa 

*(D2S®^^I-S i H 4 *ia^T, S^3/im^n 
iGaNil2 (Si 1 X 1 0 18/ c m 3 ) 

[ 0 0 2 5] Wi^X. Sm?r7 0 0t-8 0 0t:l 
Jgl^^?atT, IIIKW»-C*>STMI n (Ml/** 

^«»*rfifV^j:* 5 b, nSGaN|12i 
(I, nS I n 0 .07O a 0 .93N^^/S***> J?^ 5 0 n 
m^nSl nGaN^7 y^B6±S 1 3 SrJK^i"*, * 

stM*a«& i o 7 5t;c#at, iiiKWfl- 

so T'fcoTMAl ( h y yW/^^^) 4*fflV>T, 
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nSlnGaN^7y^±Sl3±i:, nlAl 0 .i 
G ao.gNl (S i T^feMl x l Ol8/cm3) 
fteit, m^O. 9 5 ,/mOniA 1 G a y y Kl 
U^ffMU e<bl^ nfiA 1 GaN*?? K*l 4 
Bg/lO. l/imOn§!GaNWKgl5eM 

[0 0 2 6] &&m.&t:7 3 0tl:Bi&LT, 

nSGaNW Kl 1 5±fc, KI?4nmOI n 0 .i5G 
a 0. 85NftT-#F^ £ , 6 nm(D I n q. 05^ a 0. 95 

Og|41£/&:g£^ niInGaNSttH6aM 
1-5o nSlnGa NSttl 1 6 14, /<!J7g£fi| 
#Fl£«l$i*r5*-eoRB, #p1£ 

Witt, /<yrssr««s*5*T?on^*jv^ri»- 

[0 0 2 7] &\z % ricfta«SrWWl 0 5 0tST#a 
LT, niInGaNgttll6il:, p§Ul 0 .2G 20 
a-o.8NB*:)*ft**, f ^1 8 nmOpSA 1 Ga N 
^J7ll7t»*U £<biC, plAlGaN^yr 
11711:, BIO. lMmOpfiGaN^K|18 
Sr^-fSo pSAlGaN/<yril7ioJ;i;pSG 
aN^K|18l:tt, pS5Ftt*7C*i: lTMgt5 
X 1 0 IV c m3- 2 X 1 0 20/ c mSoftS-eftJPf 
5 e 

10 0 2 8] ^IC, /&g?£g£6 5 OlCKftfiLT, p 
SGaN^ Kll 8±l:i nGa N RUBRA 
fell 9«rJgfftt-So I nGa NO^rtSfpK<Zll 9IC so 
(4, ^<«*5c*tLTC ^lX10lVcm3 
EA±j6flO (K-fc 0 >-^) 1~£ e I nGaN<D°T&?nK4X 
11 9lCttAli-57tt4fe5c* (M>h) 

»3fe©IH»Hr «toSi^Kl44v\ I n G a NO pj&ft 

So {it, InOgSit^MmOInGaNO 
^TttftRlR! 1 9 OJf^li:, Inm-lOn mSftTfe 
fUiiK tit. !)x/n^pl (7* h/u**yir> 40 
*) ffiU^JwioT. nIInGaNSttSl6HWP 
L«*tr-^tt*t, I nGa NO pT&ftKlfcl 1 9 
kOPLlSftf-^ifcfifcOgdS-O. 15eV-+ 
0. 02eV£ilrtt<c5±5iCRS*ixr, nilnG 
a NSttl 1 6 *5 J: I n G a NORTfi?n«lftl 1 9 O 

[0029] #fti&*«rStf 1 0 5 o^S-e* 

f&LT, I n G a NOnfg&fn®!iX)I 1 9±II S pgAl 
O.lGao.gNSMUt, f^O. 5/imOpiA 1 ro 
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GaN^77K|20^WU Sfcfc, pSAlGa 
N^77K12 0±(I, ff*0. l^m(OplGaN^ 
hi 2 1 S:*jar5. plAlGaN^yKS 
2 0:fc<fctfp§iG a N3>M h/§2 1 Cl(4, pS^« 
feiTC^t ITM g £ 5 X 1 0lVcm^2 x 1 0 20/ 

lfO*lS:«*-*-57C*0#IIR«sHcii, TMG 
a, TMAL TM I n > NH3§J:ffll^^ * 

*inj6jD-r5^tt*7c* (k-a>h <n&$m 

\Z\t, Cp2Mg {MX*/9w<lf 9 
*J0 , S i H^Srffl^T^So 
[0 0 3 0] p|GaN3^^hS2 10Ml p 
SAlGaN^7>; Kl 2 0*3 «fctfp SG a Na t 

y^>^lcj:oTI»*L, yy^MtrWtS. *o 
ft, piGa N=»>** hl2 l<D±.m<Ofrtft&ttitZ> 
«t9l-s piAlGaN^7yKl20fc±y P lGa 
Nny^n§21 «r«6SfcjK2 2 <fc o T^Ht £ 0 * 
Oft, pSGaN^y^^ h!2 l<D*fflLfc±ffii:l6 

2_b®i:lC^fioTpMII1i (Pd/Mo/A 
u) 2 3Sr»j*1-5 0 pSttfli 2 3(4, plGaN^V 

h!2 10±Ei«ftftK*iiLT^5 0 
[0 0 3 1 ] ^O^, niGaNiSHOjIftii 
«*fcl4^3/^y^t"5rt^<t!9, nSGaNSKl 
IO— ftSr^SL^i/N-oW^Sr 1 0 0-1 5 0 /ira 

»«*t»J*1-5»#fctt, 8 0-120* mlgCi 
I4> WM«U3J:tWf*«*ffl^T^3:^-«)W*S:l 0 

[0 0 3 2] nSGaNi«HOSS«ri nl 
G a Ng« 1 1 Q8ffil£*^&JRR£&JgF U H f /A 
1/Mo/Au 0«l«ig«r#'t-5 n SmU 1 0 fr&jft 

LTf4, Ka»*#*3»siiLT*9, ** 

L, nltil0«r»*t5*ttf4, ^^^T^f 

Ii2 3ii3i(5nS!iilOli, 3JiIfi#fc#--5 
«*Sr«*r5fc*, tiiWAKWertll 5 0 oto 

[0 0 3 3] ^o<t i^LTHiSShfc^SMMS^tt, 
^^-^> jIS, ^^Ad^lT, ^^7^y7^y|:f D v o 
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[0 0 3 4] SfcCl, io 
flS****^ Wtt, ¥*{*U-1f**fl2o<0*Bffl 
fc^VNT, -ifroflSffili 5 0%yT^R#t^5r*-f o5 

J;*K 3 0mWa±OKffl*|llf^S*fc»^"Ct)S3EU 

[0035] &iw, ^^^f^^ia^ *<b« 

[0 0 3 6] r^J:5^LT»iSSixfca{t**Wftu 
if o*li8ftf±, 5 0 0 /i mtfo 0 > * 

m*3 5mAT»8M8«MTV\ *OI*0«fift*H:4 
0 5±5nmtfooto $f:> SW (Far Fi 
eld Pittern)tttt5i,iMWIttJy* 
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OTMSJlfc. t I n G a NapTttfrftl&fl 1 9 

ft<DC (ft*) OM^t6^'2X10l8/cm 
3tfcofc 0 

[0 0 3 7] B2I±, :W± IfW 
5. @2 0$lH(i InGaN^fift»lRil9rtl: 

samsixsc (K*) u mmt* 

fc»1-J:5fc, 1 nG a NO^IffifPKitXll 9rtJl8S*D 

SttSC (tt*) o»S^(£Tr^lwOKT, sbs& 
*SnrtB4***tU**ttT1-5. :^I<t^ inG 
a Nfl^fifnftteJIl 9 f-&> ^tt4*5c3Ri: LTC (ft 
JR) UX10 17 /c m3a±©»*T?*»rt" a 1 1 IZ 

SBBWMSfcbixfc. 

[0 0 3 8] *fc, *1 l-tt, I n G a NO^fiftKflX 
J§1 9 fc*ftfi« 6 5 0^*3*1/7 5 0tt**S*t 

I nG a N0^fiSl!»l&Ji 1 9 <7»£5:fi&# 6 5 O'Ctf) 
S^lCte, Jfem*dS5mW^e>Kffl*«>2 0mW*T*a 
RMBSaM»b*u *ftia«* 7 5 0 < Co»£fctt\ ftffi 
*3»S5mW4»6 1 OmWStf U*»SB«lI* s #b*t4*» 
ofc 0 r<0te*, I nGaN(D-5I^faP^lRll 9(D^S 
ta«^JlSi-r5i:, eB»fi1*tt*«^r5i^5lt 
WW***:. 
[0 0 3 9] 

1*1] 





*iH51 




6mW 


10mW 


15mW 


£0mW 


25mW 






P 




O 






-8- 











[0040] -omtm^mfti'-vzftTjx 
»fru-if2oi^e>m»sttfc^-if3ttt, 

04t3!)^h (ffiCti) Six, 5 
0 3l:J:5 2 tr--Mc#tt* ix*. /W;7-20 3 
£Si§Lfc3gi©ftli> ND7>{;^-2 0 6, WVX2 
0 5£gTKW^2 0 2IC**Stl5. Ktt&2 0 2 

U *W#u-iF2 0 ll£*3fcSix5. £ 
By^ XSJSStt, ift^-f ^— iffcflMRL 

(RIN:Relative Inte 
n s i t y Noise) tKLfc. fi> JfcWAtt, 
S*» : ?-2 0 7ICj:oT^mL/i 0 



[0 0 4 1] *1\ H60gBy^X*e*«rfflv^r, 
jttB**5mWOli'&JC*3V^T % R9** s 0. 1 1 
O 0 ^^*!^^^, RINmax<-l3 
5 [dB/H.z] ti)5:iWot, *fc,-*ffi* 

fc, 3feffl*«r2 0mWa£fcLfci:r?K PESl-R I N 
40 max<-135 [dB/Hz] tfc9, 
*Ti*<0£fflK3 LTV*5 r t fc. 
[0 0 4 2] 1 oSHSSfllo*^*** 

ftu— If-Ctt, pIW Kit pfif 7* KlfcOlHK: 
I n G a N<7}pI&ft®i&)I 1 9 Sr#A LTJ»J* LTV>5 

p Kgrt* fclip ^ 7 y KlrtC I n G a 
pTftjDKiRll 9«rWAL-C*fiRL"CfcJ:v\ pWK 
jf[*}£fcl*p * 7 s> KSrtJw I n G a NO^ttftlftttlB 
1 9tr#A1-a»*ICI*. I n G a N 

O^Ittfcftttll 9 0W*«rJE*.6i«&B* 5 *>S. 
so l nG a NO^IfiftSlKB 1 9 0fifc*aflE(i, nSln 
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fc&ZMl&lX t> ±V\ I nG a NO-5ISfO®lK 

JI19f4. 01t^P|ffcoTt,<tt\ Sfclw, n 
SlnGaNffitt|16|j;, GaNAs, GaNP, I 
n A 1 G a NA s P#?<0#-f4ll4oTffMLT t .fcK 

ioo43ii3it *%w<D%2<Dmmxmr-bzm 

lJhlltt, nlGaNi32, nSlnGaN^^ 
Kit® 3 3. nSAl GaN*5s» K13 4, niGa 
N^K13 5. n^Ga NAsgj4l3 6, plAl 
GaN/<!)7i37, pgG a Ki3 8^ffif C 

«!£;ivO>5 0 plGaN^ Kl 3 8±ICI4, In 
GaNW^fpKlRl3 9*J«l$it, InGaN©5f 
fi&fD®4KS 3 9 JblC plAIGaN^7yPi40ii 
8fJI$*l-0>5„ plAIGaN?7S'Ki40lt * 

5?«iaKfcoTis3, *©35tH»J:fc, plGaN^y 
4 lriSfclSJx-O^. plAlGaN^7^ 
KI4 0*5±tf plG a N = y?^ H4 li^tt, p 
!GaN = >^ hl4 10±B5*Ma^T, £JM(4 2 
jMRl*e>;rVC*S9, *fe*£8?U 2j3«fcu;pg!GaN = V? 
* h*4 l©±ffifcpS*«4 3#RitfeivCV*5. * 
fc, nSGaNS63 lUlCtt, nati3 0«J 
ftT^S. (Si, ^T&foP^lfcJIli, InGaNH)S5* 

(K-fv^) SitTHifci: tic, Mgttt ( K— 
[0044] z<oi:oi^ E3ic^i-*«wom2©H 

i K*f IS l o?tlk£tt0ftil;«¥*# v— T £ E 3 ic 

UnGa NfStt® 16fib*) t $ 2 (0||JgJgJ|O^{b 
«¥W* U- f-'OStt® 14 niGaNAs SttS 3 6 T' 

[0 0 4 5] B3£^£2Qgltt£ffi?fcSgfl:ft¥ 

SIlS^tiTfcSSfc&iNJftl'-- «f<0*!jS*#l4, I n 
G a NO^fi&fpKiiXl 3 9 0»j£&#ro*gS 1 <D#lJ£jg 

«-c*>5afl:***«cu— «f©«JS*#tJl<e5. i n 

G a N^pI^fotSHX^ 3 9 14, 7 0 OtTi 

^Ftt*jc*roro»t lti4, tn'&Ltz%i <nnmm 
mx-hzmt<&*mw^-*f tnmz, c (mm) <nm 



(7) 

^Ht7tf uy?rffll\ MgOgfiiUCp2M 

» jj itfM g 0«£l4, Ztii'ti 1 x i o IV c m 3 
EU:. ] XI 0l8/cm3~2xi o20/ cm 3T-fc5„ 

fc*JNMtu— if«>IHt*ftim— Cfc*. 
[0 0 4 6] roj;pizLr«a$ixfcS^**#:u 

!Fo#fiS*H:, 5 0 0 mT-,Sb !> , * 

14, *J12 5t;it*»^T, U--?*g||ttA&ft*IMI 
M3 6mAlSi88Slrffl\ *©B#0>Sfi8£|i4 

0 5±5nmt*)ot, jSS»«Sr«^f 5 t , 
«ffilHfcl4!> j/^M^SK, wyXtStKioTJlSllr 
«3tt?#5r t*S«SB$H7t. *LT. InGaNO^I 
fiSfDKlRll 9rtOC fc.fctfMgro«g&a!Ji£ 
t5i, •tH?n2xl0l8/cm3 < lxio'Vc 

[0 0 4 7] w©i$fc*2WH*Jgtt©«fc*i|*i»f*: 

nGaNO^rffift!RlRJi3 9rtirjfe3!)D$ix5C Outfit) 

^^teT-rsrir^JtBT-^fc. 9. InG 

a NOBTffifPKiRS 3 91114, T*6^5c^i: LTC 
S?) £ 1 X 1 0 17/ c m3^±<D®ST-S*-T5 1 1 t 
K. Mg£l x l OlS/cmS^iOiggTijsflO-rsr 

30 [0 0 4 8] ftJC, |R2«>|ltt^tt«>S{M¥«#U- 

5mWro#-g-|^*5^T, M9)t^0. 1%~10%0?B# 
OJUfSrW-^fct -5, R I Nma x<-l 3 7 [ d B 

40 ^)Sr2 OmWmSHLTti r5, B1^l-R I Nma x< 
- 1 3 7 [d B/H z] T-foO, )tx-<^^->^x^ro 

[0049] ^, *mw<7>m2<D%i&mm<omim ! t& 

tfT-14, pi^ Kgt pS^7 y KStroraii 

1 nG a N<D«Tg&?D&lCtJl3 9 Srtf A LXWfiL LT^5 

pW Firtifc(±pS?7y KJfrtCl nGa 
"TiafDKilxS 3 9 XLXm&LX fcilfS pS 
7^1" KgF^*fcl4pS^ 7 5/ Kgrttr I nGa N<D°J® 

so nGa NtO"3IffifD!Rl|xS3 9 OJS^&a^S&gflSJ, 



#1582002-246686 (P2002-246686A) 



(8) 



13 



b 0 4fc, I nGa NO^rfiftKHXS3 9 0fi!ESaS 

t>±V> 0 it, I nGa N^Tfift»KS3 9 (±, £S 
t^Pltkott S^K, niGaNAs'g 

S136I1 InGaN, GaNP, I n A 1 G a N A 

[0 0 5 0] B4f4, ttWO$3^»iT'fccI 

*0^ 0 nSGaNStSS 1CI1 nSJGaNl52, 
ngInGaN^7^SSii53, nSMGaN^ 
7 5/KI5 4, nSGaNW KS55, nllnGa 
P SAlGaN^!JTl57, pSGa 
H*5 8M0»fcM*ilTl*6. pSGaNi/ 
^K15 8±^I±, InGaNfcitfGaN^^^T 
fift»JKJS5 9rtM>Ji£*U InGaNfcitfGaN^ 
bJ*5^*»*ttl5 9±H, piAlGaN^yK 

. 16 o #91**1/0*5. 

[0 0 5 1 ) piAlGaN^7yKi60tt, 20 

h«6 l#»l£*lTV^ 0 pSAIGaN^yKI 
6 Oioit/plGaN^y^^ M6 1(4, pSiGaN 

yo^i6 3*5itfplGaN3^? M 6 1 0± 
ICpiIffi6 2#Rttfe;h/0*5. nSGaN 
£fi5 HBfctt, nItl5 0*5^Sht^5. In 
GaNfeit;GaN^e>*5^rfift»JRS5 9tt, B 5 30 
i 3CInGa Ntf>fi^#Fl 1 0 1 t G a Ntf) 
- /<5Tll 0 2t*XS»-flS*^fc*S* : f-#F«ii 
T*fc£ 0 I n G a N<D&*#pM 1 0 1 ft, 

^TC^ttrC (MX) #Wto*ixT*3!K GaN^ 
J7Sl0 2tt, C (MX) #IHlO*hTV*fcV\ 
[0 0 5 2] B4 3 

!f OflKfCtt, I n G a N*3<fctf G a N**bJ*SW 

>J7I4, I nGaN*5±tfGaN**e>j*SRliaft!ftttJB 
5 9rtS:*ftlR««^Ktt*tfc*^, UGaNOi 40 
*#Fll 0 1 *$J:tfGa NO/^Ti 1 0 2^Stt^ 
+ 4 title, niyD$/^S6 3^a:»t4i:Sfc 

i-5rt* J- e#5o :^<t9t:, *«te5cXS:iB»ftle 
aa»SixfcnS^oy^lB6 3^0tt»H±9. JM*tt 
±0^-Y!i7^l?#4rS<1-6^^ll, InGaNfc 
£tfGaN^J#£^&ft p iillXl5 9{4, **!J7#tt 

mmrm^mit^^^-^r^t, inGaN^^ 
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Mt5:^aot, InGaNSmaN^b* 
S^r»ft»«RIB5 9Jl*5rt6ltft«tt^it»SrBrftHL 

10053] 04 11^1-3? 3 a>nmmtoto*itto*m# 

U-ifOflljili, nSyoy^I6 3l:±oTpSAl 
GaN^7S/K16 0*5<fcl/p^G aNny^ni6 

1 (c^-rm 1 w**»«w«ftft*»* u-if <o 
W2 2**R*tfc;h/C^fcv*as, «36#fefc*3v*-c 

filfl3«0#fe#ffl^fcft*. Lfc#ot, fg3<£>H*£ 
»||0*flS**»#^— ?f*, pSAlGaN/<!!7l 
5 7 it: p iG a N Ki 5 8 S Tli, SB 

[0 0 5 4] P lAlGaN/<!l7S5 7i^plG 
aN^ Kl5 8t«li-5fc, **>*l^ 
9 SO'CldftfiLT, P lGaNWKl58±l:, I 
n G a Nfccfctf G a N«»bJ*&?feftftM 5 9 rt<7)G 
aN^<y7il0 2^JttMU $e>t:> /£ 
ft»£«:6 8 0lCi:|*iaLt, G a N<D/< U Til 0 2 
iCI nGaN^IWFH 0 1 *[**S*-C»di1- 
5 0 1(7)^ I nGaNOiWFil 0 1\Z\± S ^F*E 
*tgX (K-'^h) tltC (MX) £1X1 0l ? / 

y7il0 2i(I, InGaNOl^FilOl^a 
Sftft 4:1*9 iELT, 3|OI nGaNWi^F 
110lHi^)GaN^!J7il02i^ > -tix-f 

£ 0 I n G a NOif #Fi 1 0 1 Of *» 2 n mt* 
9 % GaNO/<!)r|10 2Oi^4nmfib^ 

I n G a N©i^#FI 1 0 1 *J itfG a N©/< 9 
7S1 0 2 <DJ£*OttWJB*-Ctt, I n G a N(Dl^# 
F110 1 fi^jft*Oa*v5 lnm-10n 

mT*fciUi<fc<> GaN^<!)7il0 2O»*tt, 1 
nm-10nm^M<t<, InGaNOt^Fi 
l 0 lie J: 5*»*^#Fltt, .31-6 ®g£ -Cfcix 

[0 0 5 51 V^-<DPL (7* h/i'S*?* 

y^) MfclCioT, niInGaNgtt!56WO 
PL«t-^Kfii, I nGaNj3it5GaN*»bfi!l 
5^HS»KiR*5 9a>feOPL«jfc*Wftfti0>S£* 5 
-0. 15eV-+0. 0 2 e VEJLrttft5J:5JwRS 
nSlnGaNgeg56io<l:t;inGaNio 
<fctfG a N*»brt&^flHMMKJI5 9 K 
af^y^AM5lS«U<46J:5*wBB+6. ^ GaN 

0/<!)7Bl 0 2f4I nGa N le J: 0 t £ 



[0 0 5 6] gE^T, JgioWtJBtBoa^tt^Wfr^ 
—fbfflW^. I nG a NJSitfGa Nd*feJ*5PllSfO 
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ffilRS5 9 JilCp^A 1 G a N777 K16 0*5«fctfp 
SGaN3>MH6 1?:WU plGaN^y? 
ni6 1?:WI, plAlGaN^7yKi60J3 
ilfplGaN^y^^ hi 6 1 Srti^lfilW^^SBO^ 
1StZJLilZh"7<<x-y s ?->?'lZ£oXl&£L> 

iCiotl nGa NiiiVG a N A^fi£S^IiSfPKlRl 
5 9±l:Mt5„ nl/c y?m& 31114. *l«fex 

S i£>jg£f4ixi Ol8/cm3j^±T*fcn(fJ:l\ 1 

[0 0 5 7] r«J:5fcLT«i6£ftfcSlT:1M £ *#i' 

<fc!fel¥*<*l'—fO*fiSfitt, 4 0 0 * t mTfcU. * 

14, HL\m2 5tlC:fcl^T, f'JWIIttiftfcft&Mfl 
«*3 8mATiItt*««:fTV\ *0>B*©*«»*li4 

0 5±5nmT*ofc. Jt*UHfcMHH-S fc . 20 
it£&ffel4y 5'7*/H»*J*< . U^X^|r±cTSl*lw 
**-P#5rt*iB»Sixfc. -tLT. InGaNioi 

a N^ib^S^TtefDKJRS 5 9rt©I nGaNCDf; 
f#Fil0 1«C (ttft) OjgglrSiJ^tSi:, 2x 

1 Ol8/cm3T-foofc 0 I n G a Nt5«tU ! G a 
N*>f,)S5^JfflftK<DlS 5 9 f*9<0G a NO^D 71 1 0 

2T-I4, c mm) tt*tti3*tfca»o;fc. 

[0 0 5 8] r © j: b t£%%<»%wm<r>mmm*fr 

©*Hl*friEfl:**-Ci JMI««t*rlB 1 ©Hit 

* J: 9 fcJSUtfjS-Cift 
**#MB*n, iB»«#TOfc**3teiaaHu 3 5 

[0059] m3<Dmn&wmnmit®*&frv- 
•f z±t <t xt m%MKm v^»^oki*r 5 '*£*h- 

•tcii^fc. # * * y a 5 1 $ ©it* 

«4. ;H eitWl l/W X»«8*'Jfl^T«HttK:Hj& 
Lfc„ 0 6lc^1-£8n^X»J£8£ffl^T, * 
tiiJjtf 5 mWcO&^KJo^T, 'J? 0 0 . 1 %~ 1 0 40 
%©B*Oj|f L SrW'<fci:r5, RINmax<-137 

CdB/Hz] tfc5:i^*>ofc, jtma 

fc©li. 7ttt57a^ 3 0mWgfl:Lfci:5. MtKR 
I Nma x <- 1 4 2 [d B/H z] Xh *) . $lBi5£ 

[ 0 0 6 0 ] I n G a N*5«tU<G a Nri>(bJ*5 °T«SfD® 
Hx!5 9rt<0 1 nGa NKlt^FIl 0 1 dftfllSiX 
SC (ftX) <0*««rttW-*-5i:. C 5:1X1 so. 



16 

V X T I nGa NWirT-^Fl 1 0 1 fc-fcl/G a NO/<U 
711 0 211. **6&7cfct LTMg^fciifsiDLTiJ; 

[00 6 1] M, *sna$3ro?ltt»ft^Sfl:tt¥* 
ft u— tPC*l4. P S#-r Kl i pS* 7 7 Kl t <nm\z 

I nGaNiJiVGa NA»bJ*5 "TfiSftKllxl 5 9 £Jf 
ALT^UTV^^. pS^ Klrt*fcl4pS^7 
v KlrtK I n G a NfcitfG a N Affile 5 W&ftKlfc 
i5 9^ALTMLTiiv\ pi!^KSrt4fc 
(4pS77-> KlrtHI nG a N*5,fctfG a N^bfft?) 
Wt&faTOl 5 9 £jf AI-5^1114, I n G a Nfci 
tfG a N*»P>(ft5Br<S?D®lRl5 9 tnl^D y^l6 

jVtVS. ft#*$r%ltLT I nGa 

NfcitfG a N^P>^5"5I^faKlRl5 9fil-flM-f 5 
I n G a NOfi^Fl 1 0 1 <Ol»Sr2Ex.5£>S^fc 
5. 

[0 0 6 2] 

*LT*J!K *©?TI&ftRtelfcC (MS) (K 
-f>/) $ti?>r tictox. ^ffifPKHxlrt©3t» 
*l:J:oTt)(tiil,t*t y 7(D#^SrSiiSLT. -SfS 

[0 0 6 3] *5l^(0^»^)tgft<Oi!{ig*)£l4. r 

s. • ■. .... ...... ...... 

wmp&mtiikm • 

[01 ]. *%w<»n 1 nwmmx'hzmm^-mto-^ 

i b. 2 ] w nmrnzmx-h z mt ®#m# v-?<» 
c mm mm^m-ak^mtii^-i-vyyxh 
5. 

[13] *«no«2o«i«fi?i9Stii:«¥«#v 

[04] 3W»lfJ)5f(t«I*«(|:U 

— fcoffimmmx'hz. 

[0 5] 04(OT!rfflfoKilxlro»*B»rSiat»fe5 o 
[0 6] a<t***#i^— ^©WUHStrPtftflHy 

[0 7] f£*©J|ta»flEU— !Profl|it»rfl5ia-Cfca. 

[^^-OlftB^l 
10 niBi 
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18 


1 1 


nSGaNgtS 


4 2 




1 2 


niG a Nl 


4 3 




1 3 


niInGaN^7 - Kf±JB 


5 0 




1 4 


nlA 1 GaN^7 Kg 


5 1 


n^GaNStg 


15 


nlGaN^KI 


5 2 


n §UG a Nl 


1 6 


nil nGa.NSM 


5 3 


nglnGaN^y? Kit 


1 7 


pSA 1 Ga N/<y 71 


5 4 


nSA 1 G a V Kl 


1 8 


pSGaN^ Kl 


5 5 


niGaNW Kl 


1 9 


"Tttfbfti&JI 


5 6 


nil nGa Nffitel 


2 0 


P lAlGaN^77Kl 


io 5 7 


plA 1 GaN/<!i7i 


2 1 


pSG aN^y^ M 


5 8 


piG a Kl 


2 2 




5 9 


«Ifflft»i|Rl 


2 3 




6 0 


P lAlGaN^7yKS 


3 0 




6 1 


piG aN^^ hi 


3 1 


nlGaNlK 


6 2 


pi©® 


3 2 


nlGaNi 


6 3 




3 3 


nSl nGaN*7s/*Rltl 


1 0 1 


fi^#Fl 


3 4 


nSA 1 G a N^y Kl 


10 2 


/<yri 


3 5 


nSGaN^ Kl 


2 0 1 




3 6 


nSGaNAsStti 


20 2 0 2 




3 7 


plA 1 G a N/<!)7l 


2 0 3 


/>— y xy — 


3 8 


piGa N#xf Kl 


2 0 4 




3 9 


^IfifrRiRl 


2 0 5 


i/yX 


4 0 


pSAlGaN^5yKi 


2 0 6 


ND7-f/^- 


4 1 


pSGa N^y^ hi 


2 0 7 





[02] 




35 

ao 

20 
15 

* : io 



~r 



1x10" 1kU" 1X10» 1x10" 
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-M##) 5D119 AA50 FA02 FA17 NA04 

5F073 AA13 AA45 AA51 AA55 AA71 
AA74 BA06 CA07 CB02 CB07 
CB19 CB22 DA05 DA24 EA29 
HA10 



